The crustacean isopod species Asellus aquaticus does not usually have recognizable sex chromosomes. We previously identified a Y chromosome marked by two heterochromatic bands in some males of a population from the Sarno river near Naples. In this work we used oligonucleotide probes to test the presence and possible sex-specific distribution of five simple repeat motifs in the genome of male and female individuals from the Sarno population. The five oligonucleotide probes were hybridized to enzyme-restricted genomic DNAs and the chromosome location of two probes was tested using fluorescence in situ hybridization. Our results show that only the (TCC) repetitive simple sequence has a sex-specific hybridization pattern and presents a significant accumulation on the Y chromosome in the region included between the two heterochromatic areas. Moreover the GGAAT sequence is not present in the genome of A. aquaticus in any detectable quantity.
Introduction
The existence of morphologically differentiated sex chromosomes in crustaceans has been revealed by simple karyological analyses in some 40 species only. Of the isopods, several species of marine asellotes of the Jaera genus exhibit female heterogamety with multiple sex chromosomes ZW1W2 and one flabellifers shows male heterogamety with an X0 chromosome formula, whereas no cases of XY type male heterogamety have ever been observed (Ginsburger-Vogel & Charniaux-Cotton, 1982; Legrand et a!., 1987) . However, it is worth pointing out that of the roughly 4000 species belonging to this order only about 60 have been karyotyped. Furthermore, differential staining or molecular hybridization techniques have hardly ever been applied.
The karyotype of the isopod crustacean Asellus aquaticus consists of eight pairs of homomorphic chromosomes in both sexes. The chromosomes of this species cannot be differentiated by G-or R-banding techniques, whereas a variable number of terminal heterochromatic areas associated with the nucleolar organizers can be detected using the C-banding tech-*Correspondence 1995 The Genetical Society of Great Britain.
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nique. The heterochromatic areas fluoresce brightly when stained with the GC-specific fluorochrome chromomycin A3, remaining dark when stained with DAPI (Rocchi eta!., 1980; Di Castro eta!., 1983) .
A heteromorphic chromosome pair was identified in several males from a population collected from the Sarno river near Naples. One chromosome shows two intercalary heterochromatic areas, one on each arm, which stain brightly with chromomycin A3; variant ribosomal sequences are associated with these areas (Volpi et a!., 1992) . This heterochromosome is inherited through the male line as a normal Y chromosome (Rocchi eta!., 1984) . Although the chromosomes in the heteromorphic pair often appear precociously separated in meiotic metaphase I, they do in fact retain the capacity to recombine during meiosis in the subterminal regions distal to the heterochromatic areas.
Exchange also occurs very infrequently in the chromosome area situated between the two heterochromatic areas, thus giving rise to chromosomes displaying only one heterochromatic area. On the strength of these and other observations (Volpi et a!., 1992) , we may reasonably postulate an early stage of chromosome differentiation; that this differentiation does not involve chromosome rearrangements in the form of inversions but, probably, the transfer of heterochromatic and ribosomal sequences from telomeric regions to interstitial sites; and that this transfer could be favoured by the 'Rabi-orientation' that the chromosomes retain during interphase (Schweizer & Loidl, 1987) . In recent years the existence of sex-specific distribution patterns for various simple, tandemly repeated DNA sequences has been demonstrated in a number of organisms. Although usually scattered in the genome, in these cases the simple sequences present accumulations on the heterochromosome thus contributing to the evolution of a morphologically differentiated sex chromosome pair (for reviews see Epplen, 1988; Nanda eta!., 1991 Nanda eta!., , 1992 .
In a previous paper we demonstrated the presence of GATA repeats in the A. aquaticus genome and established the absence of their sex-linked distribution (Pelliccia eta!., 1991) .
In this study we used five oligonucleotide probes specific for simple repeat motifs such as CA, TCC, CGA, CCTG and GGAAT. The five probes were hybridized to enzyme-restricted genomic DNA of male and female individuals from the Sarno population and, for TCC and CA, the chromosome location was tested using fluorescence in situ hybridization.
Our results show that the repetitive simple sequence (TCC) has a sex-specific hybridization pattern and a significant accumulation on the heterochromosome in a region situated between the two heterochromatic areas. Moreover the GGAAT sequence is not present in the genome of A. aquaricus in any detectable quantity.
Materials and methods
The research was carried out on a population of A. aquaticus collected from the Sarno river near Naples. The DNA was extracted separately from batches of 30 male or female individuals. Samples of DNA (2 u Biotin-labelled DNA was detected using FITCconjugated avidin (Vector Laboratories). The specimens were simultaneously stained with DAPI. Digital images were obtained using a computer-controlled Zeiss Axioscop epifluorescence microscope equipped with a CCD camera. Digital imaging and computer software have been previously described (Pelliccia et a!., 1994) .
Results
Southern blots, obtained with DNA from A. aquaticus males and females collected in the Sarno river and digested with restriction enzymes, were hybridized with five oligonucleotide probes consisting of CA, TCC, CGA, CCTG and GGAAT sequences repeated in tandem. Sequences homologous to the first four probes used were present in the genome of this organism. The (GGAAT ), sequence was not detected in our conditions of hybridization. The (CA) and (TCC) probes detected heterogeneous DNA fragments, most of which form a high molecular weight smear, and some discrete bands (Figs 1 and 2) . Only the simple (TCC) sequence displays a sex-specific hybridization pattern, the male DNA differing from female DNA by exhibiting an extra band with all the restriction enzymes used. The supernumerary fragments are 7 kb long for the Sacli enzyme, 6.3 kb for the HindIII enzyme, 6.2 kb for the BamHI and EcoRI enzymes, 5.6 kb for the PstI enzyme and 2.3 kb for the Sad enzyme (Fig. 1) . The (CGA) and (CCTG) probes hybridized mainly to heterogeneous DNA fragments with all the enzymes used, forming smears between 2.5 and 15kb.
Subsequent to in situ hybridization with probe the centromere of certain chromosomes and in at least one interstitial area. As it is impossible to identify most of the chromosomes and, moreover, polymorphism is also involved, examination of the specimens is by no means simple. With this probe the Y chromosome shows no particular label in the area lying between the two heterochromatic bands, whereas some signs of hybridization can be seen in one region located between the telomere and one of the two heterochromatic bands (Fig. 3d) .
Hybridization with the (TCC) probe yielded quantitatively poorer label than the (CA) probe. Scattered hybridization signals were scant and some of them tended to localize in the areas near the telomeres and centromere of a few chromosomes. The Y chromosome shows a prominent signal in the area between the centromere and the smaller of the two interstitial heterochromatic bands, which is also the band situated further from the centromere. No other chromosome displays this type of label ( Fig. 3a-b) . Moreover, the meiotic I metaphases of individuals with heterochromosomes exhibit a heteromorphic tetrad in relation to this signal (Fig. 3c ).
Discussion
Simple tandemly repeated DNA sequences are present in all eukaryotic genomes examined (Nanda et a!., 1991) . Nearly all possible simple motifs occur 5-10 times more frequently than equivalent random motifs in both coding and noncoding regions (Tautz et at., 1986) . These sequences have been implicated in a variety of functions, although they might arise by DNA replication slippage or unequal crossing-over and have no primary function. Some simple sequences are sexspecifically organized and the evolution of morphologically differentiated sex chromosomes has been associated with their significant accumulation by some researchers (for reviews see Epplen, 1988; Nanda et a!., 1992) .
Accumulations of (GATA),, and (GACA)
sequences have been observed in the heterochromosomes of snakes (Jones & Singh, 1985) , rats (Schafer et at., 1986) and a poeciliid fish (Nanda et at., 1990 (Nanda et at., , 1991 (Nanda et at., , 1992 . Other poeciliid species harbour the GGAT and CA sex-specifically organized simple repeat motifs (Nanda et a!., 1992) . Moreover, long stretches of (TCC),, simple repeats characterize bird W chromosomes (Nanda et at., 1991) .
All these observations suggest that the sex chromosomes are favoured sites for the accumulation of a number of simple repeats.
It is widely held that the heteromorphism of sex chromosomes evolved independently in the various taxa, starting from a pair of homomorphic chromosomes and using various molecular mechanisms (for a review see Bull, 1983) .
One typical mechanism for this type of chromosome diversification is the accumulation of repetitive elements. In fact, Y (or W) chromosomes often exhibit large heterochromatic areas consisting mainly of highly repeated DNA sequences (for a review see John, 1988) . These sequences can be hundreds of base pairs long or simple motifs of fewer than 10 base pairs (e.g. Cooke, 1976; Nakahori, 1986) .
The accumulation of these sequences resulting fundamentally from transposition and amplification processes is believed to take place at first on the Y (or The Genetical Society of Great Britain, Heredity, 75, 267-272.
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W) chromosome in the vicinity of the sex determining region, favoured by the absence or low frequency of recombination events in this area. By further inhibiting exchange, the heteromorphism thus acquired by the sex chromosome pair would lead to increasing isolation of the Y (or W) chromosome, creating the possibility for further differentiation (Muller, 1964; Bull, 1983; Charlesworth, 1991) .
In previous papers we observed that certain males in an A. aquaticus population collected from the Sarno river near Naples display a heteromorphic sex chromosome pair. The Y chromosome has two intercalary areas that harbour ribosomal variant sequences (Rocchi et a!., 1984; Volpi et al., 1992) . Meiotic recombination within the heteromorphic pair often occurs in the subterminal regions distal to the heterochromatic bands, but is very rarely observed in the region situated between them.
In this paper we demonstrate the presence of a further heteromorphism involving the A. aquaticus sex chromosome pair. Experiments by Southern and in situ hybridization demonstrate that the Y chromosome is enriched with (TCC) simple repeats precisely in an area comprised between the centromere and one of the two heterochromatic bands. Thus the (TCC) sequence plays a part in the evolution of the heteromorphic chromosome pair, its accumulation possibly being favoured by the scarcity of recombination events in this region which probably harbours the sex gene/genes and also contains the centromere. The area on the heterochromosome harbouring TCC simple repeat accumulation shows no colorimetric differentiation after C-banding or staining with specific base fluorochromes, and is thus not to be considered a classical heterochromatic region. The (TCC) sequence is also present in other genome locations, both as relatively long stretches of TCC sequences and as relatively short TCC repeat arrays interspersed with other sequences.
In the case of the other simple repeats tested on the A. aquaticus genome, Southern blot analysis shows no sex-specific hybridization of the (CGA), (CCTG) and (CA) probes. The (CA) simple repeat is found in all eukaryotic genomes examined, indicating extraordinary evolutionary conservation (e.g. Hamada et a!., 1982) . It has been speculated that it is involved in the regulation of gene expression as it can adopt Z-DNA conformation.
The (GGAAT ) pentanucleotide does not seem to be present in the A. aquaticus genome. This repeat shows exceptional evolutionary conservation; centromeric localization of the repeat has been demonstrated in several organisms, and it has been suggested that the repeat also plays a role in the functional human centromere (Grady eta!., 1992) .
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